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AbstrACt
Objective Recent data on sustained hypertension and 
obesity among school-going children and adolescents in 
India are limited. This study evaluates the prevalence of 
sustained hypertension and obesity and their risk factors 
among urban and rural adolescents in northern India.
setting A school-based, cross-sectional survey was 
conducted in the urban and rural areas of Ludhiana, 
Punjab, India using standardised measurement tools.
Participants A total of 1959 participants aged 11–17 
years (urban: 849; rural: 1110) were included in this 
school-based survey.
Primary and secondary outcome measures To 
measure sustained hypertension among school children, 
two distinct blood pressure (BP) measurements were 
recorded at an interval of 1 week. High BP was defined 
and classified into three groups as recommended by 
international guidelines: (1) normal BP: <90th percentile 
compared with age, sex and height percentile in each age 
group; (2) prehypertension: BP=90th–95th percentile; 
and (3) hypertension: BP >95th percentile. The Indian 
Academy of Pediatrics classification was used to define 
underweight, normal, overweight and obesity as per the 
body mass index (BMI) for specific age groups.
results The prevalence of sustained hypertension among 
rural and urban areas was 5.7% and 8.4%, respectively. 
The prevalence of obesity in rural and urban school 
children was 2.7% and 11.0%, respectively. The adjusted 
multiple regression model found that urban area (relative 
risk ratio (RRR): 1.7, 95% CI 1.01 to 2.93), hypertension 
(RRR: 7.4, 95% CI 4.21 to 13.16) and high socioeconomic 
status (RRR: 38.6, 95% CI 16.54 to 90.22) were 
significantly associated with an increased risk of obesity. 
However, self-reported regular physical activity had a 
protective effect on the risk of obesity among adolescents 
(RRR: 0.4, 95% CI 0.25 to 0.62). Adolescents who were 
overweight (RRR: 2.66, 95% CI 1.49 to 4.40) or obese 
(RRR: 7.21, 95% CI 4.09 to 12.70) and reported added salt 
intake in their diet (RRR: 4.90, 95% CI 2.83 to 8.48) were 
at higher risk of hypertension.
Conclusion High prevalence of sustained hypertension 
and obesity was found among urban school children and 
adolescents in a northern state in India. Hypertension 
among adolescents was positively associated with 
overweight and obesity (high BMI). Prevention and early 
detection of childhood obesity and high BP should be 
strengthened to prevent the risk of cardiovascular diseases 
in adults.
IntrOduCtIOn
High blood pressure (BP) and obesity among 
adolescents, in conjunction with many of 
their health consequences such as dyslipi-
daemia, abnormal plasma glucose and meta-
bolic disorders, have dramatically increased 
over the past two decades worldwide due to 
the rapid socioeconomic, nutritional and 
epidemiological transitions.1 Early detection 
of these cardiovascular risk factors (hyper-
tension and obesity) is an important public 
health priority as it may possibly prevent 
the adverse consequences of cardiovascular 
diseases in adulthood.1 2
Previous studies have reported varying prev-
alence of hypertension in children ranging 
from <1% to 16.2% and the prevalence of 
obesity ranging from 12% to 19%, which may 
be due to varying age groups selected for 
strengths and limitations of this study
 ► This study reports the prevalence of sustained hy-
pertension, overweight and obesity among a large 
sample of school-going children from urban and ru-
ral areas of North India.
 ► Standardised blood pressure (BP) measurements at 
two separate occasions were recorded to detect the 
prevalence of sustained hypertension and avoid bias 
associated with ‘point’ estimates (single-time BP 
reading) of hypertension.
 ► The cross-sectional nature of our study, lack of clus-
ter-level data analysis, and self-reporting of physical 
activity and salt intake data limited establishing a 
causal relation between high BP and obesity.
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Table 1 Body mass index classification for children aged 
5–18 years as per the Indian Academy of Pediatrics
Underweight <3rd adult equivalent line
Normal 3rd–23rd adult equivalent line
Overweight >23rd adult equivalent line
Obese >27th adult equivalent line
the study and the different criteria adopted for defining 
hypertension and obesity.3–9 In addition, dietary and 
cultural factors and significant variation in the prevalence 
of point and sustained hypertension could influence the 
varying prevalence of high BP.10–14 In children and adoles-
cents, the increasing rate of body mass index (BMI) is a 
strong predictor of adult levels of BP, insulin resistance 
and dyslipidaemia. Several studies have proposed an asso-
ciation between obesity and high BP, including increased 
cardiovascular risk factors.1 6 9 15–18 A study conducted in 
North India 10 years ago showed a high prevalence of 
obesity (2.3% urban and 3.6% rural areas) and hyper-
tension (6.7% urban and 2.6% rural areas) in adolescent 
population, with a significant increase in the prevalence 
of hypertension among overweight (15.3% urban and 
6.82% rural areas) and obese (43.1% urban and 61.76% 
rural areas) population.16
However, current data in India regarding the changes 
in the prevalence of sustained hypertension and obesity 
and their association with cardiovascular risk factors are 
limited, particularly among children and adolescents 
from urban and rural areas. This study aimed to deter-
mine the prevalence of sustained hypertension and 
obesity and their risk factors among urban and rural 
adolescents aged 11–17 years in Ludhiana, North India.
MethOds
study design and setting
Children were selected from urban and rural schools in 
and around Ludhiana, Punjab, a northern state in India. 
Since there are limited data available on the prevalence 
of overweight, obesity, prehypertension and hypertension 
from the developing northern states of India, Ludhiana, 
Punjab was selected as the study setting. Previously, in 
2004 we conducted the first cross-sectional study in 
Ludhiana to determine the prevalence of obesity and 
hypertension among school children, which revealed a 
high prevalence of obesity (2.3% urban and 3.6% rural 
areas) and hypertension (6.7% urban and 2.6% rural 
areas).16 The present study is a repeated cross-sectional 
study, undertaken in the same urban and rural areas of 
Ludhiana, among school-going adolescents aged 11–17 
years, between 15 March 2016 and 31 July 2017 (nearly 
after a decade of the first school survey).
selection of schools and study participants
The Ludhiana district has a total of 1864 schools, out of 
which 317 are in the urban and 1547 are in the rural areas. 
We selected schools by simple random sampling strategy, 
considering the population proportion to sample size, 
and within the 2 km vicinity of the schools which were 
included in the first cross-sectional study conducted in 
2004. We then used a stratified sampling strategy to select 
children (adolescents) aged 11–17 years in a given school, 
considering each class as strata and equally dividing the 
required sample size for that school among all the classes. 
From each class, the students were again selected by 
simple random sampling method.
The study inclusion criteria were all children/adoles-
cents aged 11–17 years, both sexes, and belonging to 
urban and rural schools selected to participate in the 
study. Children having chronic illnesses, endocrine prob-
lems (to avoid secondary causes of hypertension and 
obesity), physical or mental disabilities (prediagnosed), 
and those who did not provide written informed consent 
were excluded from the study.
Data were collected using a pretested questionnaire 
meeting the objective of the study. A validated question-
naire was used to collect the data on socioeconomic status 
(modified BG Prasad Scale), dietary habits (including 
added salt intake) and physical activity. Informed consent 
and assent statements were taken from the parents of 
all children before conducting the school survey and 
BP measurements. The age of the school children was 
obtained from the school records. The name and other 
particulars were entered in a pretested proforma. Appro-
priate permission from the head of the institution (school 
principal) was obtained prior to examining the school 
children.
Anthropometric assessments
Height was measured by making the child stand upright, 
barefoot, on the ground, with heels, buttocks and 
shoulder touching the wall, and with the head in Frank-
furt plane. Height was measured using a sliding stadi-
ometer calibrated to an accuracy of 0.1 mm. Weight was 
recorded using a spring balance calibrated to an accuracy 
of 0.5 kg. BMI was calculated using the standard formula, 
weight (kg)/height (m2), and values were compared 
with the WHO growth charts. BMI classification was also 
performed according to the Indian Academy of Pediat-
rics revised growth charts (table 1).
bP assessment
BP was measured between 08:00 and 11:00 after giving a 
rest of 10 min. BP was recorded by field investigators, with 
the children in sitting position, both their hands resting 
on the examining table and the cubital fossa supported at 
the level of the heart.
The field investigators were given formal training on 
how to measure proper BP in children, using cuff of 
appropriate sizes. We used a BP apparatus (Rudolf Riester, 
Bruckstr, Germany) with appropriate paediatric cuffs. BP 
was measured after applying an appropriate-sized cuff on 
the right arm encircling two-thirds circumference of the 
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arm with the lower edge being 2.5 cm above the cubital 
fossa (as per the WHO guidelines). BP was measured on 
the right arm for consistency and compared with stan-
dard tables. BP was recorded as per the American Heart 
Association guidelines.17 Systolic blood pressure (SBP) 
was determined as the appearance of the first Korotkoff 
sounds, and diastolic blood pressure (DBP) was taken at 
the point of muffling of heart sounds (fourth Korotkoff 
sounds). Three measurements were taken at an interval 
of 5 min each, and an average of these readings was taken 
as the average SBP and DBP. To measure sustained hyper-
tension among school children, a second BP measure-
ment was taken after an interval of at least 1 week of the 
first BP measurements. Children were then classified into 
three groups as recommended by the guidelines18:
 ► BP <90th percentile: normal BP (compared with age, 
sex and height percentile in each age group).
 ► BP=90th–95th percentile: prehypertension.
 ► BP >95th percentile: hypertension.
Patient and public involvement
This cross-sectional survey among school-going children 
did not involve patients in the design of the study. We 
shared the BP and BMI values with the study participants 
(school children and their guardians). We also provided 
handouts on the risk factors of obesity and hypertension 
to all study participants, and a guest lecture on prac-
tising healthy lifestyle was given by a physician from the 
Dayanand Medical College and Hospital, Ludhiana. In 
addition, appropriate referrals were made to the nearby 
healthcare providers for children detected with high BP, 
overweight and obese BMI values.
sample size calculation
The prevalence of hypertension in school children in the 
same catchment area was previously found to be 6.7% in 
urban and 2.6% in rural areas in 2004.16 In our previous 
study, the prevalence of obesity was calculated as 14% and 
9% in urban and rural school children, respectively.16 The 
sample size for the current survey was calculated using 
OpenEpi V.3.03 software, using the prevalence of obesity 
at 80% power and 5% level of significance. The required 
sample for both urban and rural areas was 678.
statistical analyses
Analyses were performed using Stata V.13 software. 
Continuous variables (age, weight, height, BMI, SBP 
and DBP) were used to describe the general charac-
teristics of the school children with mean and SD, and 
the means were then compared for sex differences and 
area differences using a Student’s t-test. χ2 test was used 
to determine the age-specific and sex-specific propor-
tion (prevalence) difference between rural and urban 
areas for hypertension and BMI status. Multinomial 
logistic regression model was constructed for BP status 
(no hypertension, prehypertension and hypertension) 
and BMI status (underweight, normal, overweight and 
obesity) to report the associations (relative risk ratio) of 
sociodemographic (age, sex and socioeconomic status) 
and health-related factors (BMI, BP, dietary habits, added 
salt intake, junk food intake and physical activity). Multi-
nomial logistic regression models were adjusted for all 
sociodemographic and health-related factors. Hosmer 
and Lemeshow test was used to see the goodness of fit 
of the models, and Akaike information criterion (AIC) 
value to check the best model. All statistical test values 
were two-sided, and a p value of less than 0.05 was consid-
ered to indicate statistical significance.
results
The study included a total of 1959 participants, comprising 
1110 (54.1% girls) and 849 (43.3% girls) adolescents 
aged 11–17 years from rural and urban schools, respec-
tively. Table 2 presents that characteristics of study partic-
ipants. Overall, 8.6% of boys were overweight and obese 
compared with 10.5% and 4.1% of girls who were over-
weight and obese, respectively. A higher proportion of 
participants who were overweight and obese (12.1% boys 
and 15.5% girls who were overweight; 13.3% boys and 
8.4% girls who were obese) were from the urban schools 
versus rural schools (5.3% boys and 7.5% girls who were 
overweight; 4.1% boys and 1.5% girls who were obese). 
Overall 6.2% boys and 7.2% girls were found to have 
sustained hypertension. Adolescents belonging to the 
middle socioeconomic class (73.2% boys; 69.8% girls) 
were greater in the urban schools while those belonging 
to the low socioeconomic class (58.5% boys; 54.6% girls) 
were greater in the rural schools, measured according 
to the modified BG Prasad Scale. There was a predomi-
nance of vegetarian children (48.5% boys; 69.7% girls) in 
rural schools as compared with urban schools. Added salt 
intake in the diet of rural children (58.9% boys; 58.6% 
girls) was slightly lower than the urban children (64.9% 
boys; 60.1% girls). Furthermore, the intake of junk food 
in rural (83.1% boys; 76.7% girls) schools was lower than 
in urban schools (95.6% boys; 91.6% girls).
Table 3 shows that children with prehypertension and 
hypertension had significantly higher BMI (overweight or 
obesity) than their normotensive counterparts. In urban 
schools, students with normal BMI, are overweight and 
obese had sustained prevalence of hypertension: 4.9% 
(n=45), 13.9% (n=10) and 26.7% (n=8), respectively. In 
rural schools, the prevalence of hypertension was 4.9% 
(n=30), 9.6% (n=11) and 31.6% (n=30) among students 
with normal BMI, are overweight and obese, respec-
tively. Both rural and urban students with hypertension 
had higher added salt in food: 8.1% and 12.2%, respec-
tively. Intake of junk food was more in urban students 
with hypertension when compared with their rural coun-
terparts (8.7% vs 5.8%), compared with children with 
normal BP.
Table 4 shows the mean SBP among rural and urban 
school children. The mean SBP (mm Hg) of hyperten-
sive, prehypertensive and normotensive population was 
significantly higher among urban school children than 
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Table 2 Characteristics of study participants by rural/urban schools and sex
Rural school children (n=1110) Urban school children (n=849) Overall
Boys (n=509) Girls (n=601) Boys (n=481) Girls (n=368) Boys (n=990) Girls (n=969)
n % n % n % n % n % n %
Age (in years)
  11 81 15.9 104 17.3 51 10.6 52 14.1 132 13.3 156 16.1
  12 88 17.3 100 16.6 97 20.2 101 27.4 185 18.7 201 20.7
  13 107 21 113 18.8 113 23.5 102 27.7 220 22.2 215 22.2
  14 108 21.2 127 21.1 85 17.7 51 13.9 193 19.5 178 18.4
  15 64 12.6 103 17.1 54 11.2 34 9.2 118 11.9 137 14.1
  16 43 8.4 39 6.5 79 16.4 28 7.6 122 12.3 67 6.9
  17 18 3.5 15 2.5 2 0.4 0 0 20 2 15 1.5
BMI categories
  Underweight 36 7.1 62 10.3 12 2.5 20 5.4 48 4.8 82 8.5
  Normal 425 83.5 485 80.7 347 72.1 260 70.7 772 78 745 76.9
  Overweight 27 5.3 45 7.5 58 12.1 57 15.5 85 8.6 102 10.5
  Obese 21 4.1 9 1.5 64 13.3 31 8.4 85 8.6 40 4.1
BP categories
  Normal 448 88 536 89.2 410 85.2 300 81.5 858 86.7 836 86.3
  Prehypertensive 31 6.1 32 5.3 40 8.3 31 8.4 71 7.2 63 6.5
  Hypertensive 30 5.9 33 5.5 31 6.4 37 10.1 61 6.2 70 7.2
SES
  Low 298 58.5 328 54.6 70 14.6 41 11.1 368 37.2 369 38.1
  Middle 206 40.5 270 44.9 352 73.2 257 69.8 558 56.4 527 54.4
  High 5 1 3 0.5 59 12.3 70 19 64 6.5 73 7.5
Dietary practices
  Vegetarian 247 48.5 419 69.7 170 35.3 199 54.1 417 42.1 618 63.8
  Eggetarian 47 9.2 66 11 52 10.8 32 8.7 99 10 98 10.1
  Mixed 215 42.2 116 19.3 259 53.8 137 37.2 474 47.9 253 26.1
  Added salt in food 
(yes)
300 58.9 352 58.6 312 64.9 221 60.1 612 61.8 573 59.1
  Intake of junk food 
(yes)
423 83.1 461 76.7 460 95.6 337 91.6 883 89.2 798 82.4
BMI, body mass index; BP, blood pressure; SES, socioeconomic status.
their rural counterparts: 134.3 vs 132.4 (p=0.03); 122.6 vs 
121.3 (p=0.02); and 110.4 vs 105.5 (p<0.001), respectively.
Figure 1 demonstrates the association between the prev-
alence of hypertension and prehypertension according to 
the BMI percentiles. There is an increase in the preva-
lence of hypertension in both rural and urban population 
with increasing BMI.
Table 5 demonstrates the adjusted risk ratio (RR) 
of risk factors for prehypertension and hypertension. 
Participants who were overweight (RR: 2.56, 95% CI 
1.49 to 4.40), obese (RR: 7.21, 95% CI 4.09 to 12.7) and 
who reported added salt intake in their diet (RR: 4.90, 
95% CI 2.83 to 8.48) were at higher risk for hypertension, 
whereas regular physical activity reduced prehyperten-
sion risk (RR: 0.63, 95% CI 0.42 to 0.94). The goodness 
of fit of our final adjusted model was checked by Hosmer 
and Lemeshow test, and because the test was not signifi-
cant (p=0.64) we were satisfied with the fit of our model, 
with the AIC value for this model being 1777.9.
Table 6 presents the adjusted risk ratio for the under-
weight overweight and obesity. The adjusted multinomial 
regression model found that urban area (RR: 1.72, 95% CI 
1.01 to 2.93), hypertension (RR: 7.44, 95% CI 4.21 to 
13.16) and high socioeconomic status (RR: 38.6, 95% CI 
16.54 to 90.22) significantly increased the risk for obesity. 
However, self-reported regular physical activity had a 
protective effect on the risk of obesity among adolescents 
(RR: 0.39, 95% CI 0.25 to 0.62). The goodness of fit was 
not significant in this model (p=0.52) and the AIC value 
of this model was 2693.8.
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Table 3 Prevalence of hypertension and prehypertension among rural/urban school children
 
Rural school children (n=1110) Urban school children (n=849)
Normal Prehypertension Hypertension
P 
value
Normal Prehypertension Hypertension
P valuen % n % n % n % n % n %
Overall 984 88.6 63 5.7 63 5.7 710 83.6 68 8 71 8.4
Age
  11 170 91.9 11 5.9 4 2.2 <0.001 81 78.6 9 8.7 13 12.6 0.19
  12 176 93.6 4 2.1 8 4.3 165 83.3 21 10.6 12 6.1
  13 197 89.5 8 3.6 15 6.8 174 80.9 16 7.4 25 11.6
  14 194 82.6 29 12.3 12 5.1 118 86.8 8 5.9 10 7.4
  15 141 84.4 8 4.8 18 10.8 74 84.1 10 11.4 4 4.5
  16 74 90.2 2 2.4 6 7.3 96 89.7 4 3.7 7 6.5
  17 32 97 1 3 0 0 2 100 0 0 0 0
Sex
  Female 448 88 30 5.9 31 6.1 0.82 410 85.2 31 6.4 40 8.3 0.15
  Male 536 89.2 33 5.5 32 5.3 300 81.5 37 10.1 31 8.4
BMI
  Underweight 30 93.8 2 6.3 0 0 <0.001 94 95.9 4 4.1 0 0 <0.001
  Normal 535 88.1 42 6.9 30 4.9 815 89.6 50 5.5 45 4.9
  Overweight 87 75.7 17 14.8 11 9.6 56 77.8 6 8.3 10 13.9
  Obese 58 61.1 7 7.4 30 31.6 19 63.3 3 10 8 26.7
Dietary pattern
  Vegetarian 585 87.8 44 6.6 37 5.6 0.23 307 83.2 30 8.1 32 8.7 0.680
  Eggetarian 105 92.9 5 4.4 3 2.7 75 89.3 4 4.8 5 6
  Mixed 294 88.8 14 4.2 23 6.9 328 82.8 34 8.6 34 8.6
Added salt in 
food
  No 429 93.7 19 4.1 10 2.2 <0.001 298 94.3 12 3.8 6 1.9 <0.001
  Yes 555 85.1 44 6.7 53 8.1 412 77.3 56 10.5 65 12.2
Junk food
  No 196 86.7 18 8 12 5.3 0.25 45 86.5 5 9.6 2 3.8 0.480
  Yes 788 89.1 45 5.1 51 5.8 665 83.4 63 7.9 69 8.7
BMI, body mass index.
Table 4 Mean systolic and diastolic blood pressure by 
urban/rural school children
Rural Urban
P valueMean SD Mean SD
Systolic blood pressure, mm Hg
  Hypertension 132.38 3.47 134.32 6.18 0.029
  Prehypertension 121.35 2.44 122.59 3.35 0.018
  Normal 105.48 11.59 110.43 10.15 <0.0001
Diastolic blood pressure, mm Hg
  Hypertension 77.95 8.03 78.11 10.89 0.924
  Prehypertension 76.38 7.30 76.25 6.29 0.912
  Normal 66.22 9.01 70.07 6.92 <0.0001
p-value<0.05 considered as statistically significant.
(Unadjusted relative risk ratio for the risk factors for 
prehypertension, hypertension, underweight, overweight 
and obesity is presented in online supplementary etable 1.)
dIsCussIOn
In this school-based, repeat cross-sectional study, we 
found a high prevalence of sustained hypertension in 
rural (5.7%) and urban (8.4%) school children. In rural 
children with hypertension, the prevalence of over-
weight and obesity was 12.5% and 28%, respectively, 
while among urban children with hypertension the prev-
alence of overweight and obesity was 10.1% and 31.2%, 
respectively. The prevalence of hypertension and obesity 
among school children in the present study was signifi-
cantly higher than the previous survey conducted in 
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Figure 1 Prevalence of hypertension and prehypertension according to body mass index percentiles.
200418 in the same area, which showed the prevalence 
of sustained hypertension to be 2.6% and 6.7% in rural 
and urban school children, respectively, and prevalence 
of overweight and obesity of 4.7% and 3.6% in rural areas 
and 11.6% and 2.3% in urban areas, respectively (online 
supplementary etable 2).
Furthermore, the mean SBP and DBP of children 
with hypertension of both urban and rural population 
were significantly higher than the SBP and DBP of their 
normotensive counterparts, as was also noticed in the 
previous study.16
Our study results are consistent with previous studies 
of the prevalence of hypertension and obesity among 
school children and adolescents who have shown a rise in 
high BP and obesity with age. Previous reports of hyper-
tension prevalence among school children and adoles-
cents have reported a range from 1.0% to 16.2%, which 
might include a high incidence of ‘point’ hypertension 
(defined as transient hypertension, ie, when BP measure-
ment is taken only once to classify hypertension).9 10 19–23 
Many researchers have argued that serial measurement 
of BP is crucial to determine the prevalence of sustained 
hypertension, that is, persistent elevations in BP. In 
our study, the prevalence of sustained hypertension in 
urban children was 8.4%, which is relatively higher when 
compared with other studies reporting a prevalence of 
0.5%–2%.24 25 A similar cross-sectional study conducted 
in the same region almost a decade ago showed a preva-
lence of sustained hypertension of 6.7%.16 The high prev-
alence of sustained hypertension in our study could be 
attributed to the rapid socioeconomic, demographic and 
nutritional transitions, leading to an epidemic of cardio-
vascular diseases. There is a twofold to threefold increase 
in the prevalence of sustained hypertension among both 
urban and rural school children compared with previous 
cross-sectional survey conducted in the same region in 
2004, which could be attributed to rapid urbanisation in 
rural areas.16 Also, there is a significant increase in the 
prevalence of obesity (BMI >30 kg/m2) in our present 
study compared with the previous survey.
Evidence suggests that children from affluent families 
are more overweight and obese because of a sedentary 
lifestyle, physical inactivity, altered eating habits and 
increased fat content in their diet.26 27 High BP among 
overweight and obese children may occur due to exces-
sive salt intake, increased steroid production, increased 
cardiac output and alteration in the reception of various 
pressor substances.28 In our study, the prevalence of 
sustained hypertension increased from 4.6% with normal 
BMI to 12.5% in overweight children and 28.0% in obese 
children. Similar increasing trend in hypertension was 
observed with higher BMI levels in rural children.26 27 29 
Notably, a small proportion of rural children were hyper-
tensive with normal BMI, which supports the relationship 
of hypertension with increasing BMI (and among over-
weight and obese children). The influence of BMI was 
stronger on SBP than DBP in both girls and boys. We 
demonstrated that SBP and DBP increased across the 
entire range of BMI and were not defined by a threshold.
In our study we found that a higher BMI was associated 
with increasing BP values, corroborating findings from 
previous research studies. However, causality between 
high BMI and increased BP cannot be established due to 
the cross-sectional nature of the present study. Further-
more, various studies had reported that the link between 
childhood obesity and hypertension is contentious.30–34 
For example, Chiolero et al30 have argued that compared 
with the epidemic of childhood obesity over the last 
two decades, the BP level has not risen proportionately. 
Additionally Wang et al33 reported that there was no rela-
tionship between adiposity and DBP among adolescents 
(12–18 years) from rural areas in China.33 The disparities 
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Table 5 Adjusted risk ratio for the risk factors for prehypertension and hypertension
Prehypertension Hypertension
RRR 95% CI RRR 95% CI
Age
  11 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  12 0.73 (0.39 to 1.37) 0.64 (0.31 to 1.29)
  13 0.64 (0.34 to 1.21) 1.11 (0.59 to 2.11)
  14 1.36 (0.76 to 2.46) 0.99 (0.49 to 2.00)
  15 0.90 (0.46 to 1.79) 1.42 (0.70 to 2.87)
  16–17 0.38* (0.15 to 0.93) 0.99 (0.45 to 2.22)
Sex
  Male 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Female 1.09 (0.74 to 1.61) 1.15 (0.77 to 1.73)
Location of school
  Rural 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Urban 1.423 (0.91 to 2.22) 0.93 (0.57 to 1.50)
BMI categories
  Normal 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Underweight 0.70 (0.29 to 1.65) – –
  Overweight 1.94* (1.16 to 3.25) 2.56*** (1.49 to 4.40)
  Obese 1.28 (0.59 to 2.80) 7.21*** (4.09 to 12.70)
SES
  Low 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Middle 1.07 (0.68 to 1.68) 1.02 (0.62 to 1.66)
  High 1.76 (0.81 to 3.81) 1.52 (0.69 to 3.31)
Junk food
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Yes 0.62 (0.37 to 1.02) 1.04 (0.56 to 1.92)
Added salt intake
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Yes 2.37*** (1.54 to 3.63) 4.90*** (2.83 to 8.48)
Dietary pattern
  Vegetarian 1.04 (0.70 to 1.55) 0.83 (0.56 to 1.25)
  Eggetarian 0.80 (0.38 to 1.69) 0.79 (0.36 to 1.74)
Exercise
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00)
  Yes 0.63* (0.42 to 0.94) 0.70 (0.47 to 1.06)
Adjusted risk ratio for hypertension was estimated using multinomial logistic regression model and included age, sex, BMI and all other 
variables shown in the table. The goodness-of-fit test of the model was not significant (p=0.636) and the AIC value was 1777.9.
*P<0.01, **p<0.001, ***p<0.0001.
AIC, akaike information criterion; BMI, body mass index; RRR, relative risk ratio; SES, socioeconomic status.
in the socioeconomic status, dietary habits, exercise levels 
and measurements of adiposity and BP (single measure vs 
sustained BP) among children/adolescents could influ-
ence the variations in results (ie, association between BMI 
and BP) observed in the previous studies.31 34
This study has important limitations. First, the study 
being restricted to urban and rural areas of the Ludhiana 
district in Punjab (northern state in India) may not be 
generalisable across India. Second, given the cross-sectional 
survey design, the causal relationship between high BP and 
obesity cannot be established. Third, our study was limited 
by the self-reported measures of physical activity and added 
salt intake in diet and lack of blood parameters such as 
fasting blood glucose and lipids. Cluster-level data analysis 
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Table 6 Adjusted risk ratio for the risk factors for body mass index
Underweight Overweight Obesity
RRR 95% CI RRR 95% CI RRR 95% CI
Age
  11 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  12 0.42** (0.24 to 0.73) 1.29 (0.73 to 2.26) 1.24 (0.61 to 2.53)
  13 0.51* (0.31 to 0.86) 1.56 (0.90 to 2.71) 1.49 (0.75 to 2.96)
  14 0.36*** (0.20 to 0.63) 1.48 (0.83 to 2.62) 0.69 (0.31 to 1.56)
  15 0.23*** (0.11 to 0.47) 0.97 (0.50 to 1.88) 0.47 (0.18 to 1.27)
  16–17 0.14*** (0.05 to 0.37) 0.38* (0.16 to 0.90) 0.24* (0.08 to 0.73)
Sex
  Male 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Female 1.68* (1.13 to 2.49) 1.14 (0.81 to 1.58) 0.31*** (0.19 to 0.49)
Location of school
  Rural 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Urban 0.52** (0.32 to 0.84) 1.67** (1.15 to 2.42) 1.72* (1.01 to 2.93)
BP categories
  Normotensive 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Prehypertensive 0.7 (0.30 to 1.68) 1.94* (1.15 to 3.24) 1.43 (0.66 to 3.09)
Hypertension 2.55*** (1.48 to 4.41) 7.44*** (4.21 to 13.16)
SES
  Low 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Middle 1.1 (0.73 to 1.64) 1.73** (1.15 to 2.60) 3.78*** (1.87 to 7.66)
  High 1.29 (0.41 to 4.04) 5.85*** (3.10 to 11.04) 38.6*** (16.54 to 90.22)
Junk food
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Yes 1.16 (0.68 to 1.98) 0.94 (0.57 to 1.53) 0.80 (0.38 to 1.66)
Added salt intake
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Yes 3.01*** (2.13 to 4.24) 0.92 (0.65 to 1.29) 0.72 (0.44 to 1.17)
Dietary pattern
  Vegetarian 1.14 (0.74 to 1.76) 1.05 (0.74 to 1.48) 1.24 (0.78 to 1.95)
  Eggetarian 1.3 (0.69 to 2.45) 0.62 (0.32 to 1.19) 0.60 (0.24 to 1.51)
Exercise
  No 1 (1.00 to 1.00) 1 (1.00 to 1.00) 1.00 (1.00 to 1.00)
  Yes 1.54 (0.94 to 2.54) 1.06 (0.73 to 1.55) 0.39*** (0.25 to 0.62)
Adjusted risk ratios for BMI categories were estimated using ordinal logistic regression model and included age, sex, BP and all other 
variables shown in the table. The goodness-of-fit test of the model was not significant (p=0.524) and the AIC value was 2693.8.
*P<0.01, **p<0.001, ***p<0.0001.
AIC, akaike information criterion; BMI, body mass index; BP, blood pressure; RRR, relative risk ratio; SES, socioeconomic status.
and macro-level changes in the population such as socio-
economic transition, urbanisation and influence of health 
policies were not accounted for in the multinomial logistic 
regression model to demonstrate the association between 
hypertension/obesity and its associated risk factors.
However, the increasing prevalence rates of hyper-
tension and obesity found in our study are alarming 
as we know obesity in children is associated with an 
increased incidence of hypertension, diabetes, metabolic 
syndrome, coronary heart disease, and an overall increase 
in morbidity and mortality during adult life.
COnClusIOn
High prevalence of sustained hypertension and obesity 
was found among school-going adolescents in a northern 
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state in India. Hypertension among adolescents was posi-
tively associated with obesity (high BMI). Prevention 
and early detection of childhood and adolescent obesity 
and high BP should be strengthened to prevent the risk 
of metabolic syndrome and cardiovascular diseases in 
adulthood.
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